A sensitive and selective voltammetric sensing method has been developed for simultaneous determination of dopamine (DA) and uric acid (UA) using ferrocene carboxylic acid modified halloysite nanotubes (Fc/HNT) on the surface of glassy carbon electrode (GCE). It was found that beneath optimum experimental condition, the electrocatalytic oxidation of DA and UA occurred at +0.08 V and +0.22 V at Fc/HNT/GCE. These oxidation peak potentials are less positive and ensuing peak current values are almost thrice than unmodified GCE. A well-resolved peak potential window (∼150 mV) for oxidation of DA and UA were observed in the modified electrode system. Differential pulse voltammetry (DPV) method was employed for electrochemical detection of DA and UA using Fc/HNT/GCE at trace level. The calibration curves for DA and UA were obtained within the dynamic linear range of 6.0 × 10 −7 to 60 × 10 −5 M (R 2 = 0.9959) and 1.3 × 10 −6 to 100 × 10 −5 M (R 2 = 0.9925), respectively with the detection limits of 0.02 and 0.03 μM by using DPV method. An enhanced stability with good reproducibility was obtained from amperometry studies under hydrodynamic condition. The amperometric method was applied for detection of DA and UA present in pharmaceutical products and urine samples. Ferrocene and its derivatives are used in the field of fuel additives, 1 redox-mediators, 2 organic synthesis, 3 medicinal functions 4 and materials engineering. 5 It is widely used as redox probe because it undergoes a single electron reversible redox reaction and excellent mediator for the development of biosensors species like D-penicillamine, 6 uric acid, 7 dopamine, 8 glutathione 9 and hydrochlorothiazide. 10 The surface modification of ferrocene can be accomplished by various selfassembly of ferrocene-terminated thiols, covalent immobilization using diazonium salt, electrostatic stabilization using charged polymer electrolytes and forming layer by layer assembly of polyallyamine or chitosan tethered ferrocene molecules.
Ferrocene and its derivatives are used in the field of fuel additives, 1 redox-mediators, 2 organic synthesis, 3 medicinal functions 4 and materials engineering. 5 It is widely used as redox probe because it undergoes a single electron reversible redox reaction and excellent mediator for the development of biosensors species like D-penicillamine, 6 uric acid, 7 dopamine, 8 glutathione 9 and hydrochlorothiazide. 10 The surface modification of ferrocene can be accomplished by various selfassembly of ferrocene-terminated thiols, covalent immobilization using diazonium salt, electrostatic stabilization using charged polymer electrolytes and forming layer by layer assembly of polyallyamine or chitosan tethered ferrocene molecules. [11] [12] [13] [14] The DA and UA coexisted in extracellular fluids and serum in mammals, which plays a vital role in human metabolism; specifically, it controls the central nervous system. 15 DA is a neurotransmitter that plays vital role in functioning of central nervous, cardiovascular and hormonal systems, whose abnormal level causes schizophrenia, attention deficit hyperactivity disorder (ADHD), restless legs syndrome (RLS) and Parkinson's disease. 16 On the other hand, UA is a primary final product of metabolism of purine nucleotides, a defect in this metabolism causes hyperuricemia, gout and pneumonia. 17 Several analytical methods have been reported for the determination of DA and UA which include spectrophotometry, 18 chemiluminescence, 19, 20 high-performance liquid chromatography (HPLC), 21, 22 fluorometry 23, 24 and capillary electrophoresis (CE). 25, 26 However, the above methods could not explain the importance of selectivity and sensitivity to the determination of DA and UA. Therefore, the electrochemical methods are more accessible for DA and UA sensing and quantification due to their low price, untroubled process and high sensitivity. Though, the electrochemical detection of DA and UA are hampered by the close oxidation potential of alternative species, usually at high concentration of biological fluids. In the past, this issue was overcome by using electrodes modified with a selfassembled monolayer. However, the chemically modified electrodes (CMEs) were proved to have a very low detection limit because of their large potential window and high electro-catalytic activity. For example, pristine graphene, 27 chitosan protected graphene, 28 copper nanoparticles incorporated polypyrrole film, 29 silver nanoparticles incorporated zeolite 30 and graphene oxide templated polyaniline 31 modified electrodes were shown to be used for the assay of DA and UA. Dursun et al., established an electrochemically deposited PtNPs on multiwalled carbon nanotube (MWCNT) for the concurrent determination of DA, UA and ascorbic acid (AA). 32 Lin et al., demonstrated z E-mail: jeevapandian@yahoo.co.uk the use of PtNPs deposited polydopamine coating on MWCNT for simultaneous detection of DA and UA. 33 Beitollahi et al., proved a simultaneous determination of DA and UA using a carbon paste electrode (CPE) modified CdTe quantum dots. 34 Halloysite [Al 2 Si 2 O 5 (OH) 4 .2H 2 O with 1:1 (Al : Si ratio) layer] (Scheme 1) is naturally occurring alumina silicate with hallow nanotubular structure. 35 It consists of gibbsite octahedral sheet (Al−OH) groups on internal surface and siloxane groups (Si−O−Si) on external surface. The halloysite nanotube (HNT) length varies from 1 to 15 μm and their diameter ranges from 10 to 150 nm. 36 It has been widely used as electrocatalyst, 37 adsorbents, 38 ,39 electronic components, 40 pharmaceutics for drug delivery, 41, 42 nanoreactors, 43 nanocomposites 44 and additives in polymers matrix. [45] [46] [47] Recent reports shows that selective modification/functionalization of silica and alumina parts with silanes 48 and phosphonic acid 49 to aid in the drug delivery, where drug was loaded within the pore of HNT. A selective modification of silica and alumina in HNT is an interesting characteristic for targeted drug delivery 50 and for selective removal of environmental pollutants. 51 Sohn et al., 52 reported on the aggregation and stabilization of carboxylic acid functionalized HNT. Later, it was demonstrated that HNT can be used as a template to prepare porous carbon nanotube with narrow pore size through surface modification by hydrothermal carbonization process followed by chemical etching of silica component. Such kind of nanostructure hollow tube shows excellent supercapacitor ability. 53 In the present investigation, we tend to explain the development of immobilized redox active molecules like Fc within the HNT surface and its study of electrocatalytic behavior on electrochemical oxidation of biologically important molecules such as DA and UA. DPV method was exploited for the selective and sensitive detection of DA and UA at Fc/HNT/GCE as a result of its high current sensitivity and better peak resolution with well-resolved peak shape without any overlapping of oxidation peak current values. The amperometric method was applied for detection of DA and UA present in pharmaceutical products and urine samples. The electrode stability and interference of other biologically significant molecules were also tested. Ranboxy Laboratories, India. Ethanol (99.9%) was bought from Vijaya Scientific Pvt. Ltd., Chennai, India. Nitric acid was purchased from Spectrum Chemicals, Bangalore. All other chemicals obtained from commercial sources without any further purification processes. Double distilled (DD) water was used for the preparation of all stock solutions.
Buffer solution with a pH of 7.0 was prepared by mixing of 0.1 M KCl, 0.1 M KH 2 PO 4 and 0.1 M K 2 HPO 4 in 250 ml standard flask using DD water. The pH of the solution was checked using Elico-pH meter at room temperature (RT). The stock solution of DA (0.1 M) and UA (0.1 M) were prepared freshly with DD water and stored in a dark room at 5
• C. Nitrogen gas was purged 10 min for the removal of oxygen in buffer solution before doing all electrochemical studies.
Preparation of Fc/HNT nanocomposite.-To prepare Fc/HNT nanocomposite, 50 mg of halloysite was dispersed in 5 mL of ethanolic solution of ferrocene carboxylic acid (5 mg) and kept for 2 h at ultrasound bath (Fisher Scientific FB15051 ultrasonic bath cleaner, 37 kHz). Finally, Fc/HNT nanocomposite was centrifuged at REMI micro centrifuge (Model No. RM-12) with 2000 rpm. Then, the nanocomposite washed with ethanol for thrice to remove unbounded Fc from surface modified HNT and allowed to dry in a desiccator at RT.
Preparation of Fc/HNT modified electrode.-GCE was polished before performing each experiment by alumina (0.5 micron powder) paste and rinsed exhaustively with DD water and then washed with 1:1 v/v ratio of nitric acid and acetone. Finally, the GCE surface washed with DD water at ultrasonic bath for 5 min and then dried at RT. About, 2 mg of Fc/HNT was dispersed in 1 mL of ethanol and then sonicated for a two minutes to obtain a homogenous dispersion of Fc/HNT. The colloid suspension (5 μL) was dropped on the surface of GCE and allowed to dry at RT. The schematic diagram shows the electrocatalytic oxidation of DA and UA corresponding to Fc/HNT modified GCE (Scheme 2).
Instruments.-FT-IR spectra were recorded by a Perkin-Elmer 180 with a resolution of 4 cm −1 for 32 scans over a wave number range of 4000-400 cm −1 . Morphological and structural investigations were carried out using field emission scanning electron microscopy (FE-SEM, SU6600, Hitachi, Japan). The elemental composition was carried out by energy dispersive X-ray spectrometer (EDAX, 8121-H, Japan). Thermal stability was analyzed by thermogravimetric analysis (TGA) using a TGA Q5000, Thermal Analyzer (TA) instruments at a heating rate of 20
• /min, from room temperature up to 800 • C, under nitrogen atmosphere. Electrochemical experiments were carried out using Gamry, USA model 330 including PV220 software and a CHI 660A electrochemical instrument, USA. The working and counter (auxiliary) electrodes were glassy carbon electrode (GCE) (of 3 mm diameter) and platinum wire (0.5 mm diameter, BAS Instruments, USA) respectively. An Ag/AgCl electrode was used as a reference electrode (Ag/AgCl/KCl sat ). Bioanalytical system (BAS, USA) polishing kit was used to polish the GCE surface.
Electrochemical impedance spectroscopy (EIS) measurements were performed using the CHI-660A electrochemical instrument. The preparation of electrolyte using 0.1 M KCl containing 0.5 mM [Fe(CN) 6 ] 3-/4-redox probe. All solutions were purged with high purity nitrogen gas about 10 min before performing all electrochemical experiments.
Results and Discussion
Ferrocene carboxylic acid have been widely used for numerous electrocatalytic oxidation studies because of its water solubility and used in a solution based electrocatalytic reactions. The use of ferrocene based CPE by anchoring of polymer backbone and functionalization on the surface of ordered mesoporous carbon, porous silica substrate and zeolite microporous structure are certain examples for electrochemical studies. 54, 55 In this study, we demonstrate the use of Fc through surface modification based on self-assembling behavior of carboxylic acid functional group. 56 Recently, Roof et al. reported incorporation of TiO 2 nanoparticles and Fc in CPE for simultaneous determination of glutathione and tryptophan. 57 In line with this, we have shown that surface modification of HNT using Fc; which act as a facile electron transfer for the electrochemical oxidation of certain biomolecules. A self-assembled monolayer of Fc was uniformly distributed within the surface of phyllosilicate tubular nanoclay. The surface modification of HNT with innumerable functional groups, including carboxylic acid was established from the recent study. 58 While treating halloysite nanoclay with an ethanolic solution of Fc, the carboxylate ion forms a strong electrostatic interaction which was confirmed by FT-IR, TGA and cyclic voltammetry studies. In addition, a stable voltammetric redox behavior was noted, meanwhile continuous cyclic voltammetry studies without a loss of its redox behavior in phosphate buffer medium shows a robust integrity of monolayer assembly.
Preparation and characterization of Fc/HNT nanocomposite.-FT-IR spectra of Fc, HNT and Fc/HNT are shown in Fig. 1 . From the spectrum of HNT, the absorption peak at 3712 cm −1 , 3616 cm −1 and 3481 cm −1 are attributed to the stretching of inner surface and inner hydroxyl groups. 59 The peaks at 1022 cm −1 , 787 cm −1 , 748 cm
and 669 cm −1 ; it is observed that the first two bands are assigned for symmetric stretching and in-plane vibration of Si-O groups; and last two bands are ascribed to the perpendicular stretching of Si-O groups (Fig. 1b) . Deformation vibration of -OH inner hydroxyl groups (Al 2 OH), Al-O-Si and Si-O-Si were exhibited at 914 cm −1 , 549 cm −1 and 454 cm −1 respectively. In Fig. 1a , a strong band at 1645 cm −1 is attributed to stretching vibration of carbonyl group of Fc. 60 The modified Fc/HNT, a carboxylic acid (-COOH) group was shifted at 1660 cm −1 (Fig. 1c) , which confirms that the carbonyl group attaches to the HNT surface.
The surface morphology of HNT nanoclay was investigated by FESEM image. As seen from Fig. 2A , the nanotubular structure of HNT with diameters in the range of 20-120 nm was found to be open-ended. The average size of the HNT nanoclay was estimated to be 20 nm. The elemental composition of nanoclay was confirmed by energy dispersive X-ray analysis (EDAX) as shown in Fig. 2B . The major constituents for HNTs were Al, Si and O. Thermal stability and surface modification of HNT and Fc/HNT were confirmed by TGA analysis as shown in Fig. 2C . From HNT, the major weight loss attributed at 470
• C to 568
• C which correspond to dehydroxylation of structural alumina group. 61 In Fc/HNT, the primary weight loss arise at 30
• C to 120
• C, which may correspond to the loss of adsorbed water molecules; 46 second weight loss arrive at 260
• C to 360
• C, may be due to structural decomposition 62 and third weight loss appear at 420
• C to 570
• C, correspond to dehydroxylation process of aluminosilicates. 44 The final weight loss for Fc/HNT sample at 590
• C to 700
• C may be due to the loss of Fc nanoparticles on HNT that concludes the existence of Fc nanoparticles are immobilized on HNT surface. Figure  3A shows the cyclic voltammograms of a) bare GCE, b) HNT and Fc/HNT modified GCE in the presence of 0.1 M KCl containing phosphate buffer solution (pH 7.0) at a scan rate of 50 mV/s. As can be seen, a bare GCE and HNT/GCE exhibits a flat and drab voltammetric response, whereas Fc/HNT/GCE shows a well resolved redox peak and its anodic and cathodic peak potentials were found to be +0.108 V and +0.049 V (vs. Ag/AgCl sat ), respectively. The separation of anodic peak current is larger than that of cathodic peak current value and its potential peak separation ( E p = E pa -E pc ) was found to be 59 mV at 50 mV/s and redox peak current ratio is equal close to one (I pa /I pc ≈ 1) which indicates that the electrochemical reaction is reversible one. Electrochemical stability and reversibility of Fc/HNT/GCE were done by a repetitive potential sweep at a scan rate of 50 mV/s. Figure 3B shows that the peak current does not change during the continuous potential cycles which imply that the monolayer assembly of ferrocene carboxylic acid is stable enough for electrochemical studies.
Cyclic voltammetry and EIS behavior of Fc/HNT/GCE.-
With increase of potential scan rate of the surface modified Fc/HNT/GCE, the redox peak current values are also increasing and the anodic and cathodic peak potential (E pa and E pc ) separations does not change 63 significantly from the scan rates of 25-500 mV/s ( Fig. 3C) . The observed peak current (I pa and I pc ) has a linear relationship with scan rate (υ), which indicates that the modified GCE is adsorption controlled process i.e. Fc molecules are strongly immobilized on the HNT surface (Fig. 3D) . The electron transfer behavior of surface-modified electrode process was further confirmed by electrochemical impedance spectroscopy (EIS) by employing electrochemical probe to study charge transfer across the electrode solution interface. The semicircular portion of Nyquist plot at higher frequencies corresponds to electron-transfer limited process and its diameter is equal to electron transfer resistance (Rct), which reflects electron transfer kinetics of redox probe on electrode interface. 64 Meanwhile, the linear part of Nyquist plot at lower frequencies corresponds to diffusion process. 65 Figure 4 shows Nyquist plots for a) bare GCE, b) HNT and c) Fc/HNT modified GCE in the presence of 0.5 mM Fe(CN) 6 4−/3− in 0.1 M KCl as a supporting electrolyte. The bare GCE exhibits a linearity that represents the characteristics of a diffusion limited process. Modified GCE contain semicircular portions, suggesting that the behavior is electron-transfer limited process. HNT/GCE shows a higher interfacial resistance (332 ), indicating small interface impedance as compared to bare GCE. The interfacial resistance (494 ) of Fc/HNT/GCE has higher than that of HNT/GCE, when a resistance is introduced into the electrode/solution system, leading to a lower rate of electron transfer of K 3 [Fe(CN) 6 ] 3−/4− . This result implies that Fc/HNT successfully immobilized on GCE surface. From cyclic voltammetry and electrochemical impedance spectroscopy studies, the electrochemical behavior of Fc/HNT/GCE is purely surface confined redox process.
Electrocatalytic oxidation of DA and UA at Fc/HNT/GCE.-Electrocatalytic behavior of glassy carbon electrode modified Fc/HNT was used toward the oxidation peak current value of DA.
66 Figure 5 shows the cyclic voltammetric behavior of DA on bare GCE (absence and presence) and Fc/HNT/GCE in presence of 0.1 M KCl containing PBS (pH 7.0) at a scan rate of 50 mV/s. In bare GCE, DA exhibits a poor anodic peak current with an oxidative peak potential of +0.025 V (vs. Ag/AgCl sat ) whereas, the oxidative peak potential of Fc/HNT/GCE is shifted toward less positive side (less than 9 mV) and the observed peak current value is four times superior than bare GCE. The redox current increases with each addition of 0.1 M DA solution and its linear ranges from 3 × 10 −4 to 20 × 10 −4 M as shown in Fig.  6A . Cyclic voltammogram were recorded in DA at various scan rates in the ranges of 20-100 mV/s that increases redox peak current. The linearity of anodic peak current (I pa = 6.281x -7.755, R 2 = 0.9972) is possessed by diffusion controlled electron transfer process (Fig. 6B) . A similar trend was observed in case of electrochemical oxidation of UA 67 using Fc/HNT/GCE. Cyclic voltammetry behavior of UA on bare GCE (absence and presence) and Fc/HNT/GCE in the presence of 0.1 M KCl containing PBS (pH 7.0) are shown in Fig. 7 . In bare GCE, UA shows a small oxidation peak current and peak potential at +0.27 V (vs. Ag/AgCl sat ) however the modified Fc/HNT/GCE in the presence of UA exhibits a sharp, well-defined oxidation peak current and potential at +0.23 V (vs. Ag/AgCl sat ). Further, linear peak current values are noted, while increasing the concentration of UA from 3 × 10 −4 M to 26 × 10 −4 M which exhibits the better electrocatalytic behavior of Fc/HNT/GCE as shown in Fig. 8A . The influence of potential scan rate of electrochemical oxidation of UA was investigated at pH 7.0. The observed peak current values were found to be directly proportional to square root of sweep rate range of 20-100 mV/s, which implies that electrocatalytic oxidation of UA is diffusion controlled electron transfer process (Fig. 8B) .
Effect of pH on oxidation of DA and UA at Fc/HNT/GCE.-In general, the electrochemical activity of biologically important molecules redox behavior is dependent upon pH of the medium. 68 The electrochemical responses of both DA and UA was studied in 0.1 M KCl containing PBS with different pH range (pH 1.0 to 11.0) at Fc/HNT/GCE by cyclic voltammetric method ( Figures 9A and 9B) . A shift in oxidation peak potential for both DA and UA was observed, while increasing the pH of medium, indicating that redox behavior of DA and UA at Fc/HNT/GCE are pH dependent reaction. The observed anodic peak current values are higher for both system at pH 7.0 and then decreases gradually with increasing the pH medium. Figure 9C shows variation of I pa versus variation of pH in DA and UA, it can be clearly observed that the peak potential and current were closely related to pH value (pH 7.0) of supporting electrolyte. The linear regression equation of DA and UA were E pa (V) = 0.7235−0.0526 pH (R 2 = 0.9975) and E pa (V) = 0.3561−0.0489 pH (R 2 = 0.9977) as shown in Figure 9D . The slope of 52.6 mV and 48.9 mV per pH unit, which may close to the Nernstian value (0.059 V/pH) for a two protons/two electrons reaction. 69, 70 This indicates the electrocatalytic oxidation of both DA and UA at Fc/HNT modified GCE implied as two protons and two electrons redox process.
From the above observation, the reaction scheme would probably via the following mechanistic steps. In the first step, the zero valent ferrocene moiety can be oxidized into ferrocenium ion (Fc + ) followed by an electron transfer reaction. Then, Fc + catalysis the oxidation of DA or UA leads to form a dopaminequinone and allantoin. The electron settling between surface confined Fc and Fc + enhanced peak current of DA and UA. Due to the reversible changes in electronic state of surface confined mediator, which facilitates the overall redox reactions 71 as shown in Fig. 10 .
Determination of rate constants on electrocatalytic oxidation reactions.-The chronoamperometry method was employed to determine diffusion coefficient and catalytic reaction rate constant of DA and UA oxidation process at Fc/HNT modified GCE. Figures  11A and 12A shows the current-time relationships of Fc/HNT/GCE obtained by setting the working electrode potentials of +0.034 V and +0.22 V (vs. Ag/AgCl/KCl sat ) for DA and UA, respectively at different concentration ranges in 0.1 M KCl containing PBS (pH 7.0). In order to calculate the diffusion coefficient (D) of DA and UA, the experimental plots of I versus t −1/2 were drawn using comparison graphs of a) to d) that results in straight lines (Figs. 11B and 12B ). According to the Cottrell equation,
where 'n' is number of electrons, 'F' is Faraday constant (C/mol), A is electrode area (cm 2 ), c is the bulk concentration of an analytes (mol/cm 3 ) and D is the diffusion coefficient (cm 2 /s). The diffusion coefficient (D) value can be obtained from the slopes of the linear plot (I vs. t −1/2 ) for DA and UA. The average value of DA and UA were found to be 3.3 × 10 −6 cm 2 /s and 2.4 × 10 −6 cm 2 /s respectively, which agrees equitably with last pervious literatures. 73, 74 Thus, this result shows that the better electrocatalytic oxidation of DA and UA occurs at surface modified Fc/HNT/GCE.
In addition, chronoamperometry is also employed to evaluate the catalytic rate constant of DA at Fc//HNT/GCE (Fig. 11C) . The catalytic reaction rate constant was determined according to the method described in Ref. 75 :
where I C and I L is the catalytic current and limiting current of Fc/HNT/GCE in the presence and absence of DA and γ = k h C b t (C b is the bulk concentration of DA (mol/cm 3 )) is the argument of error function. In all cases where γ exceeds 2, the error function is 
where k h and t are the catalytic rate constant (cm 3 /mol/s) and time elapsed (s) respectively. Equation 3 can be used to calculate the rate constant of catalytic process k h . The k h value was found to be 1.9 × 10 4 cm 3 mol −1 s −1 for oxidation of DA, which is close to the reported value. 76 This value illuminates the sharp feature of the catalytic peak observed for the oxidation of DA at the surface of Fc/HNT/GCE. This value was derived from the slope of a plot of I C /I L vs. t 1/2 for oxidation of 0.2 mM DA.
Further, the heterogeneous rate constant (k s ) for the oxidation of UA at Fc/HNT/GCE was calculated by Velasco equation:
where D o is apparent diffusion coefficient (cm 2 /s), E p is oxidation peak potential, E p/2 is half-wave oxidation peak potential and υ is scan rate (mV/s). The D o value was determined based on Cottrell slope obtained from chronoamperometry technique. The estimated k s value for oxidation of UA at Fc/HNT/GCE was found to be 1.47 × 10 −3 cm/s. The value of k s illuminates the sharp feature of the catalytic peak observed for the catalytic oxidation of UA at the surface of Fc/HNT/GCE. The observed k s value is nearly close to the previously reported results.
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Simultaneous determination of DA and UA at Fc/HNT/GCE.-The simultaneous determination of DA and UA mixtures was performed at Fc/HNT/GCE by DPV method, which eliminates the residual charging current and the pure Faraday current value only measured. DPV was employed for simultaneous determination of DA and UA at Fc/HNT/GCE in 0.1 M KCl containing PBS (pH 7.0). Electrochemical determination of DPV shows the concentration of one species incessantly with other species kept constant. Anodic peak current of DA increased linearly by addition of DA in the presence of 50 μL of 1 mM UA kept constant. On the other hand, oxidative peak current of UA increased linearly by the addition of known amount UA in the presence of 20 μL of 1 mM DA kept constant under optimized pH value. As the concentration of DA and UA increased simultaneously, the peak potential of UA or DA remained constant (Figs. 13A and 13B). The oxidation peak current of DA and UA at surface of Fc/HNT/GCE was proportional to concentration of added substrates in linear ranges from 0.6 × 10 −6 M to 60 × 10 −5 M and 1.3 × 10 −6 M to 100 × 10 −5 M and correlation coefficient is 0.9959 and 0.9925 respectively. The detection limits (3σ/slope, σ is standard deviation) of DA and UA were found to be 0.2 × 10 −7 M and 0.3 × 10 −7 M respectively. Comparison of Fc/HNT/GCE and other modified electrodes reported in pervious literatures are shown in Table I . The analytical parameter shows that Fc/HNT/GCE exhibits an electrocatalytic behavior for the independent determination of DA and UA. This result shows that Fc and Fc + inside the clay nanotubes act as an electron transfer mediator that indicates the electrocatalytic oxidation of DA and UA.
The excellent electrocataytic activity with well resolved peak separation provides a sensitive for simultaneous determination of DA and UA using Fc/HNT/GCE in PBS (pH 7.0). In the presence of both analytes, two well resolved independent anodic peaks were observed for DA and UA, peak separation between these two analytes was found to be 150 mV. The peak potential for an individual analyte does not affects in presence of other electroactive species, which is essential for the independent determination of each analytes. Simultaneous electrochemical response of DA and UA still increased linearly with increase in their concentrations and their linear ranges from 1.0 × 10 −6 M to 60 × 10 −5 M and 10 × 10 −5 M to 60 × 10 −5 M with the detection limit of 1.1 μM and 2.0 μM, respectively (Fig. 13C ). These results demonstrate that simultaneous determination of DA and UA at Fc/HNT/GCE achieved optimal electrocatalytic activity, lower detection limit, wider linear range, higher selectivity and sensitivity.
Amperometry detection of DA and UA at Fc/HNT/GCE.-Amperometry method can be easily measure the current response for for DA and UA, respectively. Linear calibration was obtained, with a coefficient of DA and UA are 0.9977 and 0.9976 respectively, which demonstrates the better relationship between oxidation current and concentration. Limit of detection was calculated in the graph of DA and UA were found to be 12 nM and 23 nM based on signal-to-noise ratio (S/N = 3) respectively (Figs. 14B and 14D).
The reproducibility of the developed sensor was evaluated by using amperometric method. Five, different modified electrodes were constructed and their peak current response to 1 μM concentration of DA and UA were investigated. The relative standard deviation (RSD) was found to be 2.8% and 2.3% for DA and UA respectively (Fig.  15) , confirming that the Fc/HNT/GCE was highly reproducible. The influence of interference species present in the reaction medium was also investigated at Fc/HNT/GCE along with DA and UA by amperometrric method. Suppression of peak current values of DA and UA was investigated at Fc/HNT/GCE by various possible interfering substances like ascorbic acid (10 times), citric acid, cysteine, tyrosine, tartaric acid, caffeine, glucose, sucrose, NaCl, Ca 2+ , Mg 2+ , Zn 2+ , aspartic acid, epinephrine (EP), and L-dopa as shown in Fig. 16 . These substances did not interfere with the concurrent determination of DA and UA peak current up to a minimum of 100 fold excess.
Real sample analysis.-Determination of DA in dopamine hydrochloride injection.-The Fc/HNT modified electrode for analysis in practical samples was tested. Amperometric method was used in this experiment for the analyses of real sample of DA injection in pharmaceutical products. The injection solution (standard concentration of DA in 10 mg/mL, 1 mL per injection) was diluted in 50 mL standard flask with DD water and 100 μL was pipetted out into each series of 10 mL volumetric flasks and made up with 0.1 M PBS (pH 7.0). An aliquot of 15 mL of this solution was placed in the electrochemical cell for the determination of DA using above amperometric method. The analytical results are listed in Table II . These results were satisfactory and acceptable, showing that the proposed method Determination of UA in human urine samples.-In using the amperometric method for determination of UA in human urine samples were also investigated. Before measurement, all urine samples were diluted 200 times with PBS (pH 7.0) in order to fit into the linear range of real samples. 1 mL of the urine sample was added to the electrochemical cell containing 15 mL of PBS medium and the certain amount of DA was spiked using the standard addition method. The binary mixtures of DA and UA were obtained between 91.4% and 102.1% as shown in Table III . The recoveries indicate the accuracy and repeatability of the proposed method.
Conclusions
A novel electrochemical sensor for simultaneous detection of DA and UA were fabricated based on Fc/HNT modified GCE. Analysis by EIS revealed a lowering of charge transfer resistance by many fold due to the modification of the electrode. The modified electrode exhibited a strong electrocatalytic activity toward the oxidation of DA and UA, respectively. The influence of many interfering substances was tested for peak current response and found that the present system is free from any momentous interference due to presence of redox active molecules like AA, EP, aspartic acid, L-dopa or glucose. Moreover, modified electrode could be used for analysis in real samples. Futhermore, the preparation of modified electrode reveals a simple and easier than all previously reported studies. Thus, the most important issues for the direct estimation of DA and UA in pharmaceutical products and urine samples has been proposed. Mechanisms are proposed to elucidate the variation in response owing to pH, high response to AA and reduction of signal due to interfering substances. This Fc/HNT/GCE was found to be a potentially valuable tool for designing efficient and extremely selective electrochemical sensor design.
Sunlight assisted synthesis of silver nanoparticles in zeolite matrix and study of its application on electrochemical detection of dopamine and uric acid in urine samples Zeolite is a mesoporous alumina silicate based solid materials and its contain well defined open-pore structure, with often the tunable pore size and they are very attractive host materials for developing nanocomposites because of their ability to selectively exchange and integrate transition metal cations within their cages and interconnecting channels [1] . The metal modified porous materials have been used for the wide range of applications like catalysis [2, 3] , anti-bacterial materials [4] , fuels [5] , water treatment [6, 7] , and biosensors [8] [9] [10] [11] [12] . Recently, zeolite modified electrodes (ZMEs) have continued to be a major concern because of its surface area, porous nature, surface functionalization and chemical inertness [13] [14] [15] . ZMEs are widely used in ion-exchange [16] , electrocatalysis and electroanalytical devices with better sensitivity [17] , high thermal and chemical stability [18] . Nowadays, the ZMEs were accomplished in various routes through copper doped zeolite expanded graphite epoxy electrode [19] , ironion doped natrolite zeolite-MWCNT modified GCE [20] , Ag-doped zeolite expanded graphite-epoxy composite electrode [21] , methylviologen supported on zeolite Y modified electrode [22] , graphite-zeolite modified electrode [23] , mesoporous carbon [24] , cytochrome c immobilized on NaY zeolite [25] , methylene blue incorporated into mordenite zeolite [26] bismuth modified zeolite doped CPE [27] , NiCo 2 /O 4 /nano-ZSM-5 nanocomposite [28] and Ru-red incorporated zeolite modified CPE [29] . Dopamine (DA) is usually coexisting with uric acid (UA) in biological fluids which are playing an important role in human metabolism [30] . The abnormal concentration level of these molecules will lead to certain diseases such as schizophrenia, Parkinson's disease, hyperuricemia, gout and Pneumonia [31, 32] . Therefore, the development of selective and sensitive method is important to determine the concentration level of DA and UA accurately. The electrochemical methods are accessible for sensing and quantification of DA and UA due to simple, more accurate with lower detection limits, high electrocatalytic activity and large potential window [33] . However, the oxidation of DA and UA are occurring in the same potential region at conventional electrodes. To overcome this problem, various kinds of chemically modified electrodes were utilized to resolve well-defined peak separation between DA and UA system. For example, copper nanoparticles incorporated polypyrrole Materials Science and Engineering C 69 (2016) [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] film [34] and gold nanoparticles/choline modified electrodes [35] were used for the assay of DA and UA. Lin et al., demonstrated the PtNPs deposited polydopamine coating on MWCNT for simultaneous detection of DA and UA [36] . Recently self-assembled monolayer of cysteamine functionalized MWCNT on gold have shown for the enhanced simultaneous detection of both DA and UA [37] .
Silver nanoparticles have been concerned worldwide research interest due to their unique physical and chemical properties which lead to plentiful potential applications like catalysis [38] , optics [39] , biosensors [40] , electronics [41] and antimicrobial agents [42] etc. Several methods have been reported for synthesis of silver nanoparticles for instant thermal method [43] , photochemical [44] , microwave irradiation [45] , green synthesis [46] and microemulsion [47] . In this present work, we proposed a sunlight assisted reduction method to incorporate silver nanoparticles into the mesoporous zeolite matrix. Various analytical methods were used for characterization of silver nanoparticles incorporated zeolite to understand the optical and electrochemical behavior of the system. The electrocatalytic oxidation behavior of AgNP/Zeo-Y modified glassy carbon electrode (GCE) was tested against the electrochemical oxidation of DA and UA in phosphate buffer solution (PBS) medium. Enhanced oxidation peak current values were observed at modified electrodes in both analytes with greater sensitivity. Thus, the present method can be considered as an efficient for simultaneous detection of DA and UA in human urine samples. The electrode stability and interference of other biological important molecules were also tested.
Experimental methods

Chemicals
Dopamine hydrochloride, uric acid and silver nitrate (AgNO 3 ) were received from Sigma Aldrich (Bio Corporals, Chennai, India). Zeolite Y was obtained from Hi-Media (Sri Hari Chemicals Pvt. Ltd., Chennai, India). Potassium hydrogen phosphate (K 2 HPO 4 ), potassium dihydrogen phosphate (KH 2 PO 4 ) and potassium chloride (KCl) were received from SRL Pvt. Ltd. (Vijaya Scientific, Chennai, India). All other chemicals obtained from commercial sources without any further purification processes. Double distilled (DD) water was used for the preparation of all stock solutions.
Synthesis of silver nanoparticles using zeolite Y as a template
0.03 gof silver nitrate was dissolved in 20 mL of distilled water. Then 1% ammonium hydroxide solution was added drop wise, until the color of the solution change from greenish gray to colorless. 1 g of zeolite Y was added into the above reaction mixture and then stirred under sunlight for 1 h. Finally, the product was collected and washed several times with distilled water, centrifuged and then dried at room 40°C.
Instrumental methods
Morphological and structural investigations are carried out using field emission scanning electron microscopy (FE-SEM, SU6600, Hitachi, Japan) and transmission electron microscopy (TEM, JEM 2100, 200KeV, JEOL, USA). UV-Visible diffuse reflectance spectrophotometer was carried out using a Perkin-Elmer Lambda 650. Nitrogen adsorption measurements were performed at 77.3 K by a Quantachrome Instruments, Autosorb-IQ volumetric adsorption analyzer. The sample was out gassed at 300 K for 3 h in the degas port of the adsorption apparatus. The specific surface area of each zeolite was calculated from the adsorption data points obtained at P/P 0 using the Brunauer-Emmett-Teller (BET) equation. The pore diameter was estimated using Barret-JoynerHalenda (BJH) method. The XRD patterns of the powdered samples were recorded using X PERT-PRO diffractometer with a Cu Kα Radiation (λ = 1.5406 Å). Electrochemical experiments were carried out using Gamry, USA model 330 including PV220 software and a CHI 660A electrochemical instrument, USA. A three electrode system consisting of GCE of 3 mm of the geometrical surface area was purchased from BAS, Pvt. Ltd., USA. The Ag/AgCl with 3 M KCl was used as a reference electrode and platinum wire as a counter electrode. Bioanalytical system (BAS, USA) polishing kit was used to polish GCE surface. The surface of GCE was cleaned first mechanically by polishing with 500 μm alumina powder, washing with DD water and then sonicated for 5 min. GCE substrate was modified with AgNP/Zeo-Y solution (5 μL) by a drop casting method using micro-syringe and dried under room temperature.
Electrochemical impedance spectroscopy (EIS) measurements were performed with the use of CHI-660A electrochemical instrument. The electrolyte was prepared by using 0.1 M KCl containing 10 mM [Fe(CN) 6 ] 3−/4− redox probe. All solutions were purged with high purity nitrogen gas for about 10 min before performing all electrochemical experiments. All experiments were carried out at room temperature. A buffer solution of pH 7.0 was prepared by mixing of 0.1 M KCl, 0.1 M KH 2 PO 4 and 0.1 M K 2 HPO 4 in 250 mL standard flask using DD water. The pH of the solution was checked using an Elico-pH meter at room temperature. The stock solution of dopamine (0.1 M) and uric acid (0.1 M) were prepared freshly with deoxygenated DD water and stored in a dark room at 5°C.
Results and discussion
Synthesis and characterization of AgNP incorporated with zeolite-Y
The sunlight assisted photochemical reduction method was adapted to synthesis AgNP incorporated on zeolite Y system. The photochemical conversion of silver ion into silver nanoparticles is characterized using various instrumental methods like FE-SEM, TEM, XRD, BET and DRS-UV spectroscopy. Fig. 1 depicts the FE-SEM images of zeolite Y (Fig.1 A) and AgNP/Zeo-Y (Fig.1 B) . By comparing the FE-SEM image of zeolite Y, silver nanoparticles incorporated zeolite Y shows some white spots. These white spots are due to the presence of silver nanoparticles on the surface of mesoporous zeolite and also regular shaped silver nanoparticles are shown without any external binding agents. The size of the silver nanoparticles was further confirmed by TEM images (Fig. 2) . The uniform distribution of Ag nanoparticles within the zeolite matrix and its average size of the nanoparticles is 10 nm. A similar observation was shown in a recently reported result using 3-aminopropyltriethoxysilane modified zeolite to stabilize silver nanoparticles [48] . Elemental composition of Zeo-Y and AgNP/Zeo-Y were confirmed by energy dispersive X-ray analysis (EDAX) as shown in Fig. S1 . Thus, the present method can be utilized for the effective loading of silver nanoparticles without adding any external binding agents. Zeolite and the loading of silver nanoparticles within the zeolite matrix (i.e., within α and β cages) were confirmed by DRS UV-Visible spectral studies (Fig. 3) . A characteristic of silver Plasmon band appears at 410 nm, indicating the formation of metallic silver within the zeolite matrix.
The ion-exchanged or reduced samples are decreased relatively when compared with pure zeolite Y. It may be due to some changes of charge distribution and electrostatic fields are occurring when replacement of sodium ions by silver ions. In AgNP/Zeo-Y, the four major peaks at 2θ of 36.55°, 44.32°, 64.71°and 72.87°, which are assigned to the 111, 200, 220, and 311 crystallographic planes of the face-centered cubic (fcc) silver nanoparticles present within the zeolite matrix [49] .
Based on the above synthesis and characterization, we propose a possible mechanism for the formation of silver ions into silver nanoparticles under sunlight. In the beginning, silver nitrate reacts with ammonium hydroxide to form a solution of [Ag(NH 3 ) 2 ] + under stirring condition as shown in below [50] ;
During the addition of negatively charged zeolite in above mixture, the positively charged silver ions are easily incorporated into mesoporous alumina silicate followed by ion-exchange mechanism. It occurs the deprotonation of hydroxyl groups on zeolite surface i.e., metal ion exchanges with H + ions [51] . 
The solvated electrons and free radical are acting as a strong reducing agent, so it reduces the silver ions into silver nanoparticles or silver atoms.
Electrochemical behavior of AgNP/Zeo-Y/GCE
The electrochemical behavior of a) bare GCE, b) Zeo-Y and c) AgNP/ Zeo-Y modified GCE was investigated using 0.1 M KCl as supporting electrolyte at a scan rate of 50 mVs −1 as shown in Fig. 6 . The bare GCE and Zeo-Y exhibits a flat and drab voltammetric response, whereas AgNP/Zeo-Y modified GCE shows a set of redox peaks due to oxidation and reduction of silver nanoparticles present within the zeolite matrix. A sharp anodic peak and a shallow reduction peak were appearing at a peak potential of + 0.06 V and − 0.09 V (vs. Ag/AgCl) respectively. These peak potential values are closely related to previously reported results [55] . The influence of scan rate on anodic oxidation peak current values of AgNP/Zeo-Y/GCE was investigated. The peak current responses were increased when increasing the peak potential scan rate from 20 to 100 mV/s, as seen in Fig. 7 . A linear relationship was obtained while increasing the potential scan rates and a linear regression equation of anodic peak current is found to be I pa (μA) = 0.6735 (υ/mV/ s) + 3.8390 (R 2 = 0.9934), indicates that the redox process is adsorption controlled electron transfer process. The electrochemical behavior of AgNP/Zeo-Y/GCE was tested in various electrolyte medium like KCl, KNO 3 and K 2 SO 4 . Fig. S2 represents the comparative cyclic voltammogram of AgNP/Zeo-Y/GCE in three different electrolyte medium. Among these three electrolytes, KCl medium exhibits a well-defined redox peaks with enhanced peak current response at + 0.06 V and − 0.09 V (vs. Ag/AgCl) corresponds to Ag (0) to Ag (I) redox couple. On the other hand, the remaining two electrolyte medium exhibits an anodic peak potential shifted to positive potential with a lower current response as compared to KCl medium. This sharp increase in anodic peak current is due to the formation of silver halide during the redox reaction [56] [57] [58] . Therefore, we have chosen KCl as suitable supporting electrolyte for the electrochemical behavior of AgNPs. 
Electrochemical impedance studies (EIS) of AgNP/Zeo-Y/GCE
Electrochemical impedance spectroscopic measurement (EIS) was carried out to understand the electron transfer at electrode-electrolyte interface on modified electrode surface [40] . The curve of EIS includes a semicircular part and a linear part. The semicircular part at higher frequencies correspond to electron-transfer-limited process and its diameter is equal to the electron transfer resistance (Rct) which controls the electron transfer kinetics of redox probe at electrode interface. Meanwhile, the linear part at lower frequencies corresponds to diffusion process. Fig. 8 For Zeo-Y/GCE shows a semicircular part (higher frequency) indicates a high electron transfer resistance, whereas the AgNP/Zeo-Y/GCE reveals a semicircular as well as linear portion, indicating a charger electron transfer and diffusion controlled electron transfer reaction. These results indicate that the AgNP/Zeo-Y/GCE system has both diffusion and charge transfer limitation electrochemical process.
Electrochemical oxidation of DA using AgNP/Zeo-Y/GCE
The electrochemical oxidation of DA was investigated on a) and b) bare GCE (absence and presence) and c) AgNP/Zeo-Y modified GCE in the presence of DA in 0.1 M KCl containing PBS (pH 7.0) by cyclic voltammetric (CV) method at a scan rate of 50 mV/s as shown in Fig.  S3 . At bare GCE, a poor redox behavior was observed for the oxidation of DA with an anodic peak potential at +0.037 V (vs. Ag/AgCl). In the case of AgNP/Zeo-Y/GCEs, the oxidation peak current was increased remarkably and the oxidation peak potential was shifted less positively (b102 mV) and the peak current response is four times higher than bare GCE due to the electrocatalytic oxidation of DA on the surface of silver nanoparticles. The AgNP/Zeo-Y modified electrode displays an enhanced electrochemical performance towards the oxidation of DA. The oxidation peak current has increased with each addition of 0.1 M DA solution and its linear ranges from 0. 
Electrochemical oxidation of UA using AgNP/Zeo-Y/GCE
The electrochemical oxidation of UA was investigated on a) and b) bare GCE (presence and absence) and c) AgNP/Zeo-Y/GCE in the presence of 0.1 mM of UA in 0.1 M KCl containing PBS (pH 7.0) by the CV method at a scan rate of 50 mV/s (Fig. S4) . In bare GCE, a broad anodic oxidation peak potential was observed at + 0.410 V (vs. Ag/AgCl) whereas the anodic oxidation peak potential of AgNP/Zeo-Y/GCE is shifted negatively and the observed peak current response increased three times higher than bare GCE. From this study, the AgNP/Zeo-Y/ GCE exhibits an enhanced electrochemical performance towards the electrochemical oxidation of UA. A linear calibration plot is obtained by plotting the oxidation peak current against the concentration of UA and its ranges from 0.5 × 10 − 3 M to 4.0 × 10 −3 M as shown in Fig. 10A. Cyclic voltammogram obviously shows that the oxidation peak current is increased linearly while increasing the potential scan rates from 20 to 100 mV/s (Fig. 10B) Fig. S5 shows the simultaneous oxidation of DA and UA at bare GCE, the anodic oxidation peak potential of DA and UA is obviously merged together and appeared as a single broad peak with peak potential of +0.33 V (vs. Ag/ AgCl) which due to the poor selectivity, sluggish redox behavior and UA directly interferes with DA, so the bare GCE fails to display the individual electrochemical oxidation peaks for DA and UA. Interestingly, the AgNP/ Zeo-Y/GCE exhibits a well-resolved peak potential window (~120 mV) and a higher oxidative peak current at +0.31 V and +0.43 V (vs. Ag/ AgCl) for the oxidation of DA and UA, respectively. In addition, the strong electrostatic interaction between the positively charged DA and negatively charged silver nanoparticles embedded zeolite Y which facilitates the electron transfer process is favorable and the oxidation peak potential of DA is resolved against UA. It suggests that the AgNP/Zeo-Y/GCE has excellent electrocatalytic activity towards the oxidation of DA than UA with a significant peak to peak separation and exert no interference in selective determination of DA and UA. Thus, the present method can be exploited for the simultaneous determination of both analytes in biological samples without any overlapping of the oxidation peak potentials.
Influence of pH on oxidation of DA and UA using AgNP/Zeo-Y/GCE
The influence of pH of the medium on electrochemical oxidation of peak current and potential were investigated for DA and UA using AgNP/Zeo-Y/GCE in presence of 0.1 M KCl containing PBS at different pHs (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (Fig. S6) . While increasing the pH of the solution, both the oxidative peak potential of DA and UA are shifted towards the less negative values as shown in Fig. S6A and S6B. In contrast, the peak current value increases gradually with increasing the pH of the medium up to pH 7 and then decreases in basic medium. Fig. S6C and S6D shows the variation of anodic peak current of DA and UA versus variation of pH of the medium. From the graph, it can be clearly observed that the peak potential and current were closely related to pH value (pH 7.0) of supporting electrolyte. The linear regression equation of DA and UA were E pa (V) = 0.08110 + 0.05429 pH (R 2 = 0.9930) and E pa (V) = −0.4057 + 0.05757 pH (R 2 = 0.9915), respectively. where m and n are number of proton and electron transferred, respectively. The number of proton and electron transferred during the electrochemical process are same. Since the maximum peak current response and separation of peak potentials were observed at pH 7. Therefore, in order to obtain high sensitivity under physiological environment, pH 7 was fixed at an optimum pH value for the determination of DA and UA in all the experiments. The following mechanism was proposed for the oxidation of DA and UA based on the electrocatalytic redox behavior of these analytes [59] 3.8. Individual/simultaneous determination of DA and UA using AgNP/Zeo-Y/GCE
The differential pulse voltammetry (DPV) technique was exploited for the selective and sensitive detection of DA and UA at the AgNPZeo-Y modified GCE because of its high current sensitivity and better peak resolution. The determination of DA and UA in mixtures was performed at the AgNP/Zeo-Y/GCE by DPV which eliminates the residual charging current values and the pure faraday current values only measured. The concentration of DA was varied, while keeping the UA concentration constant. The oxidation peak potentials were observed with adequate peak to peak separation values at + 0.075 V and + 0.375 V (vs. Ag/AgCl) for DA and UA respectively (Fig. 11A) . By varying the concentration of DA from 0.02 × 10 −6 M-0.18 × 10 −6 M, while keeping the concentration UA as constant, the linear increase of peak current values were noted and there are no obvious changes in peak current of UA. The linear regression equation was expressed as I pa (μA) = 0.3369 + 12.050C (μM) with a correlation coefficient of 0.9899. The limit of detection (LOD) was found to be 1.60 × 10 −8 M for DA using 3σ/slope, where 'σ' is the standard deviation of the mean value for five independent voltammogram of blank solution. This result implies that the oxidation of DA and UA at AgNP/Zeo-Y/GCE is relatively independent. Similarly, the electrochemical oxidation of UA was also investigated by varying the UA concentration while keeping the DA concentration as constant (30 μM) at the AgNP/Zeo-Y/GCE in presence of 0.1 M KCl containing PBS (pH 7.0). As can be seen from Fig. 11B , the oxidation peak potential for DA and UA were found to be + 0.075 V and + 0.375 V (vs. Ag/AgCl) respectively at the AgNP/Zeo-Y/GCE. By varying the concentration of UA from 0.05 × 10 −6 M-0.7 × 10 −6 M, the anodic peak of DA is almost stable without any obvious changes observed in the peak current of DA. The linear regression equation was expressed as I pa (μA) = 0.5319 + 19.2975 C (μM) with a correlation coefficient of 0.9996 as shown in Inset Fig. 11B . The limit of detection value (3σ/ slope, where 'σ' is the standard deviation) was found to be 2.51 × 10 −8 M for UA. The detection limit of the proposed method is comparable with previously reported values as shown in Table 1 . Simultaneous determination of DA and UA at the AgNP/Zeo-Y/GCE were studied by using DPV method. The simultaneous study was carried out in the potential range from −0.1 V to +0.7 V (Fig. 12A) . The concurrent determination of DA and UA using AgNP/Zeo-Y/GCE shows a well resolved separation between two anodic peak potentials corresponding to their oxidation peak current. The peak separation between DA and UA were found to be 220 mV. The simultaneous determination of DA and UA in a mixture was carried out at AgNP/Zeo-Y/GCE when concentrations of two species were changed. From the Fig. 12B , the peak current of DA and UA were linearly proportional to the same concentration of DA and UA (0. These results strongly suggest that the individual and simultaneous determination of DA and UA on AgNP/Zeo-Y/GCE can be achieved with a high selectivity and sensitivity.
Stability, reproducibility and interference studies
The long term stability of the prepared electrode (AgNP/Zeo-Y/GCE) was tested and storing them at 4°C for about two weeks. After two weeks, the CV response has retained about 98.3% current response than the freshly prepared one. Further stability of the electrode was tested after 25 cycles recording by CV experiment in 0.1 M KCl containing PBS (pH 7.0) about 97.2% current was retained and its indicates that the AgNP/Zeo-Y/GCE shows a good stability and reproducibility. At different time intervals, DPV studies were carried out for the determination of DA and UA in 0.1 M KCl containing PBS (pH 7.0). The peak current was preserved the same with the relative standard deviation of 2.9% for five determinations. This result suggests that the good reproducibility of the AgNP/Zeo-Y/GCE. Ascorbic acid (AA) was the major interference coexists with DA and UA in body fluids. We have investigated the influence of AA in the detection of DA and UA by adding 200-fold excess of ascorbic acid compared to DA and UA concentrations. There is small interference was obtained for AA and also other interferences such as cysteine, citric acid, glucose, caffeine, aspartic acid, L-dopa, aspirin, tartaric acid, NaCl, KCl, epinephrine (EP), tyrosine and tryptophan did not interfere with the peak of DA and UA as shown in Fig. S7 . The proposed AgNP/Zeo-Y modified electrode was applied for the determination of DA and UA in human urine samples using standard addition method.
Real sample analysis
Determination of DA in urine samples
The utilization of proposed method in real samples was also investigated by direct analysis of DA in human urine samples. The urine samples were diluted 500 times with PBS (pH 7.0) before measurement. No other pretreatment process was performed. The recovery rate was listed in Table 2 with the recovery range of 93.20%−108.1%. The R.S.D. (n = 5) value was b3.0%, indicating that the assay could be potentially used for determination of DA in real biological samples.
Determination of UA in human urine samples
The determination of UA in human urine samples was also investigated by using DPV method. Before the measurement, all urine samples were diluted 200 times with PBS (pH 7.0) in order to fit into the linear range of real samples. No other pretreatment process was performed. The standard addition method was used for testing recovery rates. In Table 3 , the recovery rates of the spiked samples ranged between 97.15% and 104.5% (R.S.D. b 1.9%, n = 5) and a linear relationship between the relative recovery and concentration of UA (high and low concentration) as shown in Fig. S8 . These results indicating the suggested method are good accuracy, repeatability and free from interferences of the urine sample matrix.
Conclusion
In conclusion, the AgNP/Zeo-Y nanocomposite was successfully synthesized via a simple ion exchange method followed by sunlight assisted approach to reduce silver ion into silver nanoparticles. The size and shape of silver nanoparticles can be studied by FE-SEM and TEM analysis. A sensitive and selective electrochemical sensor with AgNP/Zeo-Y nanocomposites modified electrode was developed for the determination of DA in the presence of UA and UA in the presence of DA. The AgNP/Zeo-Y/GCE shows a significantly improved peak current towards the oxidation of DA and UA. The present electrochemical sensor displayed an excellent electrocatalytic activity and electron transfer rate towards the oxidation of DA and UA. Moreover, the sensor electrode shows a good sensitivity, selectivity, reproducibility and low detection limits for the simultaneous detection of DA and UA at AgNP/ Zeo-Y/GCE. The developed sensor was successfully applied for electrochemical determination of DA and UA in human urine samples. 
Introduction
Metronidazole, 1-(2-hydroxyethyl)-2-methyl-5-nitroimidazole (MTZ), is one of the nitroimidazole derivatives well-known for its antimicrobial properties [1, 2] . It is effective against Trichomonas [3], Vincent's organisms [4] , and anaerobic bacteria [5, 6] . Veterinarians also use MTZ to treat bacterial infections specifically giardia in dogs and cats [7] . The chemical structure of the drug is shown in Fig. 1 . Though MTZ is typically well tolerated at b 2 g daily dosage and beyond, a level of toxicity has been reported [8] . Longer-term use for severe infection is often limited by the development of peripheral neuropathies [9] , as well as optic neuropathy [10] , neutropenia and central nervous toxicities including cerebellar ataxia, encephalopathy and seizures. Therefore, it is necessary to monitor MTZ concentration in patients under high antibiotic therapy.
The toxicity of MTZ drug is dose-dependent on biological fluids like serum, urine and saliva. It is well absorbed in serum as well as tissue concentrations usually at high levels [11] . Several analytical methods have been reported for determination of MTZ, which include spectrophotometry [12] , polarography [13] , liquid chromatography [14] , gas chromatography [15] , high performance liquid chromatography [16] and gas chromatography-mass spectrometry (GC-MS) [17] . However, the above reported methods could not mention the importance of selectivity of MTZ determination. Hence, it is primary importance to develop an alternative method for MTZ determination with a high degree of selectivity and sensitivity.
Chemically modified electrodes (CMEs) have continued to be a major concern during the past decade. CME has been widely considered for selective and sensitive electrochemical determination such as environmentally [18] [19] [20] and biologically important compounds [21] [22] [23] . CMEs can catalyze the electrode reaction by significantly decreasing the required over-potential, pH independent, fast reacting and stable in redox behavior [24, 25] . Modification of CME with suitable materials to facilitate electrochemical reactions of redox compounds to proceed without any hindrance [26, 27] . Notably, certain transition metal complexes of porphyrins and metal phthalocyanines are used to catalyze electrooxidation or electroreduction of chemical and biological compounds. Mostly, metal phthalocyanine modified electrode is very attractive because of less soluble compounds and its simple modifications of molecular structure [28, 29] . It can be used extensively in catalysts, semiconductors and anticancer medicine.
Chitosan is one of the naturally available biopolymers and it is widely used in various applications, due to its poor solubility and high Materials Science and Engineering C 59 (2016) [136] [137] [138] [139] [140] [141] [142] [143] [144] thermal stability [30, 31] . Nowadays, chitosan is considered as one of the most important polymer to stabilize modified electrode substrates. Chemically modified chitosan is an efficient sorbent material for heavy metals, carbon electrode coated with carbon nanotube/chitosan composites for detection of polyphenols [32] , paracetamol and uric acid [33] . Furthermore, the electrochemical reduction of MTZ at deoxyribonucleic acid (DNA) modified GCE [34] , metalloporphyrin modified carbon paste electrode [35] , activated GCE [36] , nanomaterial thin film coated GCE [37] , carbon fiber microdisk electrode [38] , Ni/Fe-LDH modified GCE [39] , MIP/MWCNT/GCE [40] and Cu-Poly(Cys) [41] has been reported.
With this above background, in the present study we report a novel voltammetric sensor based Chit/CuTsPc/GCE which has been developed for selective determination of MTZ. The prepared MTZ sensor was characterized in terms of selectivity, sensitivity and reproducibility. A relatively low applied potential and improved selectivity for MTZ detection has been realized. In addition, the designed sensor was successfully applied for determination of MTZ in commercially available tablets and urine samples.
Experimental
Chemicals
All reagents and chemicals used were of analytical grade and without further purification. Metronidazole was obtained from Vanavile Chemicals, Pvt. Ltd., Cuddalore, Tamil Nadu, India. Flagyl tablets at 200 mg and 400 mg were purchased from local medical stores. Copper phthalocyanine tetrasulfonic acid tetrasodium salt (CuTsPc) and chitosan were purchased from Sigma Aldrich, USA. Sodium hydroxide was purchased from Fisher Scientific, India. All other chemicals used in this study were purchased from SRL Chemicals, Pvt. Ltd., India.
Instrumental methods
UV-Visible spectral studies were observed by using a Shimadzu UVVisible Spectrophotometer, Japan (Model UV-1800). Morphological and structural investigations were carried out with field emission microscopy (JEOL-JSM-6360 Instrument, USA) and atomic force microscopy images were obtained using AFM Park Systems, XE-70, South Korea. The cyclic voltammetric experiment was carried out using a CHI 660A electrochemical instrument, Gamry model 330, USA. A conventional three electrode system comprising of a glassy carbon electrode (GCE) 3 mm in diameter was purchased from BAS. Pvt. Ltd., USA. Ag/AgCl and platinum wire were used as a reference electrode and counter electrode, respectively. A Bioanalytical System (BAS, USA) polishing kit was used to polish the GCE surface.
Electrochemical impedance spectroscopy (EIS) measurements were performed with the use of the CHI-660A electrochemical instrument. Electrolyte was prepared by using 0.1 M KCl containing a 5 mM [Fe(CN) 6 ] 3−/4-redox probe. All solutions were purged with high purity nitrogen gas for about 10 min before performing all electrochemical experiments. All experiments were carried out at room temperature.
Preparation of the Chit/CuTsPc thin-film
The Chit/CuTsPc composite was prepared by two different methods viz. infiltration and direct mixing method. The 1% (w/v) chitosan solution was poured onto a glass plate and left to dry through evaporation for 24 h and then heated at 60°C for 6 h. Later, the thin film was neutralized with 1 M NaOH, washed thoroughly and dried. The dry film was immersed in 0.01 M CuTsPc solution for 24 h followed by washing with deionized (DI) water and stored in deionized water prior to different measurements. Alternatively, CuTsPc solution (2 mg mL − 1 ) was prepared by dissolving 10 mg CuTsPc in 10 mL water. Chitosan (1% w/ v) was prepared by dissolving 1 g of chitosan in 100 mL of DI water and then 1 mL of glacial acetic acid was added. The mixture was allowed to stir for few minutes until the complete dissolution of chitosan. The whole reaction mixture was concentrated by using a rota-evaporator to reach a final volume of 10 mL. The viscous matrix was drop-casted over GCE and used for the electrochemical studies.
Preparation of the Chit/CuTsPc modified GCE
The GCE surface was mechanically cleaned by polishing with 500 μm alumina powder, washed with double distilled (DD) water and then sonicated for 5 min in ethanol, followed by DD water. GCE substrate was modified with Chit/CuTsPc solution (5 μL) by drop-casting method using a micro-syringe and dried under room temperature before use.
Results and discussion
Recently, polymer stabilized metal phthalocyanine was demonstrated for construction of many types of chemically modified electrodes which are widely used in various applications. For example, chitosan [42] , poly-L-lysine [43] , polyallylamine [44] and natural gum [45] are used to stabilize metal phthalocyanine and these hybrid nanocomposite modified electrodes can be used for electrochemical determination of biologically important molecules. In the present study, chitosan is chosen as a dispersing agent to stabilize the CuTsPc film because of the strong electrostatic interaction between chitosan with CuTsPc [46] . Stability and film forming performance of CuTsPc dispersed chitosan were investigated through UV-Visible spectral studies. CuTsPc peak appeared at 614 nm and 695 nm corresponding to dimeric and monomeric species due to the π-π* transition on macrocycle [47] . In Fig. S1 , the short band position is slightly red shift when compared to the CuTsPc solution because of molecular aggregation. The molecules were uniformly distributed and formed CuTsPc nanocrystals within the chitosan polymer matrix. So the drop-casting method [48] is highly preferred for loading copper phthalocyanine type of electron transfer mediators within the chitosan polymer matrix. Another advantage of using chitosan as a protective layer is its poor solubility in water. Finally, the water soluble CuTsPc is uniformly dispersed within the chitosan matrix.
The surface morphology of CuTsPc dispersed chitosan film was investigated by AFM and SEM studies. Fig. 2 shows that the morphology of the CuTsPc film was uniformly distributed within the polymer matrix. The average size of the Chit/CuTsPc film was 5.47 μm measured under a resolution of 100 μm. Elemental composition was confirmed by energy dispersive X-ray analysis (EDAX) as shown in Fig. S2 . In addition, Chit/ CuTsPc is confirmed with AFM studies and the average roughness of the polymer film was found to be 30 nm as shown in Fig. 3 .
FT-IR spectra of chitosan and Chit/CuTsPc are shown in Fig.4 . From chitosan, the strong band at 3351 cm − 1 was observed which can be owed to presence of the\ \OH hydroxyl group. The absorption peaks acquired at 1651 cm −1 and 1074 cm −1 correspond to stretching vibration of C_O and skeletal vibration of the C\ \O group [49] . The bands at 1374 cm −1 and 2867 cm −1 are characteristic of CH 3 and C\ \H functional groups. As compared to Chit/CuTsPc, the absorption band at 3429 cm −1 is attributed to stretching vibration of NH 2 (amine) group [50] . In FT-IR spectra of Chit/CuTsPc, the C\ \O stretching vibration of chitosan intensity is found to be faded due to the interaction between chitosan and pthalocyanine [51] . Thus, these results confirmed the copper phthalocyanine presence on chitosan polymer matrix. Fig. 5 shows the cyclic voltammogram of a) bare, b) Chit/CuTsPc/GCE in the presence of 0.1 M KCl containing PBS (pH 7) at a scan rate of 100 mV/s within potential ranges from −1.0 V to +0.8 V. There is no oxidation and reduction peaks which appeared in bare GCE and chitosan. As seen in Fig. 5b , a pair of two redox peaks were obtained. The oxidation peaks appeared at − 0.28 V and − 0.10 V while the reduction peaks appeared at −0.23 V and −0.69 V. This pair of redox peaks is ascribed to Cu(I)/Cu(0) and Cu(II)/Cu(I) coupling of CuTsPc which suggests that CuTsPc strongly bonds with chitosan and its enhanced a better electrochemical behavior of Chit/CuTsPc/GCE [52] .
Electrochemical impedance studies (EIS)
Electrochemical impedance spectroscopic (EIS) measurement was carried out in order to understand electron transfer of modified electrode surface. EIS can be applied to preparing modified electrodes which could provide useful information [53] . The curve of EIS includes a semicircular part and a linear part. The semicircular part at higher frequencies corresponds to a electron-transfer-limited process and its diameter is equal to that of electron transfer resistance (Rct) which controls the electron transfer kinetics of the redox probe at the electrode interface. Meanwhile, the linear part at lower frequencies corresponds to the diffusion process. Fig. 6 shows EIS curves of different modified electrodes during the stepwise fabrication procedure. Bare GCE exhibited an almost straight line which is characteristic of a diffusion limited electrochemical process (Fig. 6a) . The semicircle diameter of well conducting substrates is equal to the electron transfer resistance (Rct). The value of Rct was measured after modification of the electrode surface with Chit/CuTsPc in the presence of K 3 [Fe(CN) 6 ] 3 −/4-as the redox probe (Fig. 6b) . At GCE, Rct value is relatively high which indicates that electron transfer process is slow whereas in case of Chit/CuTsPc/ GCE, the Rct value is 100 Ω which implied that the electrochemical redox behavior of the probe to the substrate electrodes was accelerated. These results show that the Chit/CuTsPc film can act as an effective electron conduction pathway between electrode and electrolyte.
Electrochemical reduction of MTZ
MTZ is a nitro group functionalised imidazole derivative [33] and the nitro group undergoes a single step reduction reaction on the cathodic side [35] . According to previous reports, a cathodic peak is obtained due to four electron reduction of the nitro group in MTZ which corresponds to hydroxylamine [54] . The electron transfer behavior is sluggish on bare GCE electrode than the Chit/CuTsPc film modified GCE under an identical experimental condition. As can be seen in Fig. 7 , the reduction peak was observed at −0.44 V vs. Ag/AgCl for bare GCE whereas, a reduction peak appeared at − 0.47 V vs. Ag/AgCl for the Chit/CuTsPc/ GCE. A well-defined sharp peak was obtained for reduction of MTZ in Chit/CuTsPc modified GCE with enhanced reduction peak current values. The response of the high current is due to the electrocatalytic reduction of MTZ and the peak current value was almost three times higher than that of bare GCE.
The electrochemical behavior of MTZ was investigated in an acidic medium using chitosan protected CuTsPc modified GCE. The modified electrode was prepared in two different ways; either by direct mixing of CuTsPc in chitosan solution to form a stable suspension or by infiltration approach in an aqueous solution of CuTsPc exposed into chitosan film. Fig. S3 displays the electrochemical reduction peak for MTZ using two different modified electrodes and reduction peak potentials were close to − 0.47 V vs. Ag/AgCl in both cases and observed higher peak current values in the case of CuTsPc dispersed chitosan film which attributed to higher loading of catalyst than the infiltration method. Thus, electrochemical studies showed that CuTsPc dispersed chitosan film modified electrode to be efficient in the electrocatalytic reduction of MTZ.
Influence of pH on reduction of MTZ
The pH of solution is an essential parameter which influences the reduction rate of MTZ. The influence of pH on reduction peak current value was measured at different pH ranges (Fig. 8a) . The maximum peak current was obtained within acidic pH medium with a maximal current response obtained at pH = 1. The slope value is 59 mV/pH, which confirmed that the mechanism is pH dependent on acidic and neutral media. If pH values are beyond 8, the reduction reaction is pH independent, and it is difficult to analyze the electrochemical reduction of MTZ [35, 36] . Nitro group derivatives correspond to reduction of the nitro group (R-NO) to form hydroxylamine (RNHOH), involving 4 electrons and 4 protons followed by a two-electron reduction of hydroxylamine to amine. However, MTZ shows weakly basic (or strong acid) properties at pH values higher than 8, this depicts a decrease in protonation of hydroxylamine with the increase in pH [55] . The redox electrochemical mechanism of MTZ is shown in Fig. 9 .
Effect of scan rate and concentration on the peak current of MTZ
The effect of scan rate on peak current and peak potential of MTZ on Chit/CuTsPc/GCE, investigating the reaction kinetics was studied by cyclic voltammetry (CV). The CV for 50 mM MTZ in acidic pH solution (pH 1) with scan rates that vary from 5 to 100 mV/s is shown in Fig.  10a . The reduction peak current was increased with increasing scan rates. As shown in the inset Fig. 10b , peak current has a linear relationship with the square root of the scan rate and the regression equation of I pa (μA) = −3.5956x + 0.5640 (R 2 = 0.9950). This shows that the reduction of MTZ on Chit/CuTsPc/GCE was a predominantly diffusion controlled one. Moreover, the cathodic peak potential of MTZ increases linearly with the natural logarithm of the scan rate (log υ) and the linear regression equation of E pa (V) = − 0.0115x + 0.4461 (R 2 = 0.9710) (inset Fig. 10c ). Since the reduction reaction of MTZ is irreversible in nature, a linear relationship between E pa and the natural logarithm of the scan rate (log υ) obeyed Eqs. (1) and (2);
where E p is the formal redox potential, α is the electron transfer coefficient, D is the diffusion coefficient, k 0 is the standard heterogeneous rate constant, R is the universal gas constant, T is the absolute temperature, and F is Faraday's constant. The slope line is equal to RT/2αnF and α is found to be 0.7 in the electrode reaction of MTZ due to the irreversible electrode process. In the present study, the number of protons and electrons involved during the reduction process of MTZ is almost equal. Fig. 11a shows a cyclic voltammogram of the electrocatalytic reduction of MTZ at the Chit/CuTsPc modified GCE in 0.1 M PBS (pH 1) at a scan rate of 20 mV/s. The cathodic peak current of MTZ was increased by increasing to various concentrations. A linear response was observed in the peak current against various concentrations of MTZ and linear regression equation of y = −3.5956 (μM) + 0.5640 with a correlation coefficient of (R 2 ) = 0.9916 as shown in Fig. 11b . This implies that the catalytic peak current has a linear relationship with the concentration of MTZ.
Differential pulse voltammetry studies on MTZ reduction
The DPV method was used for studying sensitive electrochemical reduction of MTZ using the Chit/CuTsPc film modified electrode as shown in Fig. 12a . A better sensitivity was achieved when the modified electrode system was used instead of bare GCE. A sharp peak was observed within a reduction peak potential of −0.45 V vs. Ag/AgCl. This value is very close to the cyclic voltammetry peak potential. A calibration graph was plotted against the concentration of MTZ with respect to reduction peak current values (Fig. 12b) . A linear relationship was obtained with a regression equation of y = −0.7340 (nM) −0.7611 and R 2 = 0.9942. The detection limit value (3σ/s, σ is a standard deviation) was found to be 0.41 nM. The detection limit of the present method is comparable with previously reported experimental values as shown in Table 1 .
Amperometric detection of MTZ
Amperometry experiment was carried out on the electrochemical detection of MTZ under hydrodynamic conditions to obtain the maximum sensitivity. Here applied potential was fixed at − 0.45 V vs. Ag/AgCl (Fig. 13a) . In each addition of MTZ, the peak current values were measured by a constant electrode potential value. The steep rise in peak current value was calculated and a calibration plot was made by plotting measured peak current values with respect to the addition of MTZ. The calibration was followed by a linear relationship of y = − 0.2106 (nM) − 0.0386 and correlation coefficient of (R 2 ) = 0.9976 (Fig. 13b) In addition, a 200-fold concentration of cysteine, starch and caffeine and a 100-fold concentration of glucose, sucrose, fructose, dextrin, oxalic acid and paracetamol do not interfere with the reduction signal of MTZ (signal change b 5%) as shown in Fig. S4 . However, some compounds containing the nitro group such as nitrophenols, chloramphenicol and orinidazole interfere with signals of MTZ because of the same electroactive species. This further depicts that the Chit/CuTsPc/GCE electrode can be successfully used for determination of MTZ with excellent sensitivity and selectivity.
Determination of MTZ in tablets
The developed method (Chit/CuTsPc/GCE) was utilized for determination of MTZ in commercial tablets (Metrogyl 400 mg and Flagyl 400 mg). The tablets were dissolved in 0.5 mL of 1 M HCl and diluted with DD water. Then only the concentration of MTZ lies on the working range. DPV experiments were performed under optimized conditions to find MTZ concentration in three different tablets. Results are in good agreement with the reported values ( Table 2 ). Recovery of MTZ was found between 94.13 and 103.4%, indicating the applicability of this method to determine MTZ in pharmaceutical samples. From the above results, the developed sensor has good practical applicability.
Determination of MTZ in urine samples
The applicability of the Chit/CuTsPc/GCE electrode for measuring concentrations of MTZ was carried out in urine samples from patients. 5 mL of urine samples was taken from different 25 mL standard flasks. Different quantities of MTZ were added to the urine samples and then quantitatively diluted using supporting electrolyte. DPV were recorded and unknown concentrations were determined on a calibration graph. The expected results of Chit/CuTsPc film modified sensor in Table S5 . The MTZ spiked real sample solutions were prepared by adding MTZ to the final concentrations (87, 96, 110 , and 123 μM) in two time diluted urine samples. Recovery of MTZ from spiked urine samples was calculated. The relative standard deviations were less than 2.9% (n = 4). Based on the results, recovery of MTZ can be detected in biological samples with more precision and hence it's applied for clinical usage.
Conclusion
The voltammetric behavior of MTZ was investigated through Chit/CuTsPc modified GCE by using CV and DPV methods. The reduction of MTZ was an irreversible reduction process. An enhanced electrocatalytic peak current value was observed in Chit/CuTsPc/ GCE when compared with bare GCE in acidic medium (pH 1). Influence of pH was investigated on reduction peak current and peak potential, the maximum reduction peak current was acquired at pH 1. The present investigated method is suitable for analytical determination of MTZ, because it is simple, low cost, highly accurate, selective and sensitive. The developed sensor was successfully applied for voltammetric determination of MTZ in pharmaceutical formulations and urine samples. 
